WO FIELD experiments were conducted during the winter seasons of 2013 and 2014, at the Experimental Station of the Faculty of Agriculture, Alexandria University, Alexandria, Egypt. Main aim was to study the effect of intercropping sugar beet with wheat, barley, and faba bean on the yield and some quality attributes of sugar beet and the used companion crops. In addition, to examine the effectiveness of intercropping using the new index -dry matter equivalent ratio (DMER) -in comparison to the traditional land equivalent ratio (LER) that was also investigated. The field trials were laid out in a split plot design with three replications. The three companion crop (wheat, barley, and faba bean) percentages (50, 75, and 100%) were tested in the main plots, while the sub plots were assigned to testing the variations among the seven intercropping patterns. Results revealed that the leaf area (m 2 ), root yield (ton ha ) of sugar beet were significantly affected by the interaction between the companion crop species and percentage in both seasons. Pure stands of sugar beet were superior in the four traits (leaf area, root yield, harvest index and sugar yield) followed by sugar beet intercropped with the lowest companion crops percentage. Intercropping with cereals (wheat and barley) resulted in slightly better values for these traits than intercropping with faba bean. Grain yields of wheat and barley and seed yield of faba bean reached the maximum in the pure stands and reduced by reducing the intercropping percentages of the three companion crops. On the contrary, number of pods and 100-seed weight of faba bean followed an opposite trend and reduced by increasing the intercropping percentages. Values of LER were greater than 1.00 in any intercropping system of sugar beet with wheat, barley, and faba bean, indicating an advantage of the intercropping patterns for land usage and yield gain. However, when determining the yield gain in terms of DMER, it was found that only in case of intercropping sugar beet with wheat there was a yield gain (DMER > 1). On the other hand, when intercropping sugar beet with barley and faba bean, there was loss in the overall produced yield (DMER < 1), indicating a severe competition between the sugar beet and the two companion crops. The DMER provided more realistic idea about the effect of intercropping, compared to the LER.
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Due to growing human population in Egypt, the demand for the different food products is far beyond excess of supplies, which created food security gap. On the other hand, agricultural land for the production of different crops is becoming scarce day by day. Thus, there is an increasing need to maximize the land usage to accelerate productivity gains, which may encourage a rapid closure of the expected food security gap. In terms of land use, intercropping (growing crops in mixed stands) cultivation, as an element of sustainable agriculture is regarded as more productive crop raising system than growing them separately (Andrews & Kassam, 1976; Willey, 1979 and Kumar et al., 2014) . Common advantages of different forms of intercropping are intensification of crop production and exploiting more efficiently environments with limiting or potentially limiting growth resources (Papendick et al., 1976 and Trenbath, 1982) . In addition to the better use of growth resources (Willey, 1979) , other advantages associated with intercropping are better weed management (Litsinger & Moody, 1975 and Rao & Shetty, 1977) , and pest control (Pinchinat et al., 1975 and Raheja, 1977) , assurance against failure of crop ( Kumar et al., 2014) , reduced fertilizer requirement (Gao et al., 2014) and better soil fertility and soil conservation (Li et al., 2001 , 2011 and Zhang & Li, 2003 than sole cropping.
The choice of the component crops in the intercropping cultivation is crucial. Under intercropping system, attention should be given to the crops that can grow together with minimal competition and maximum profit (Aboukhadra et al., 2013a and Abdel Motagally & Metwally, 2014) . Among the important crops in the Egyptian agricultural system are the sugar crops. Area of sugar beet had increased significantly, by approximately 25.6%, during last 35 years in Egypt. Consequently, the contribution of sugar beet to sugar production in Egypt largely increased to reach 35.5 % of the total sugar production in 2012 (Abdel Motagally & Metwally, 2014) . Increasing the sugar yield per unit area of sugar crops is, thus, a national demand and could be achieved by adopting suitable cultural practices and applying intercropping. An agronomic advantage had been demonstrated when sugar beet was intercropped with other winter crops like wheat (Attia et al., 2007 and Aboukhadra et al., 2013b) , barley (Khedr & Nemeat-Alla, 2006) , and faba bean (Farghally et al., 2003 and Gadallah et al., 2006) . All the previously mentioned studies used the land equivalent ratio (LER) developed by De Wit (1960) and De Wit & Van den Bergh (1965) to determine the effectiveness of intercropping relative to sole cropping. However, in explaining the competitive relationships in the intercropping systems, Willey (1979) stated that the LER is the best index used in case of the replacement intercropping series. This is a series of treatments which contains the pure stands of each species and some mixtures formed by replacing given proportions of one species with equivalent proportions of the other. On the other hand, using the LER as an indicator of the effectiveness of intercropping in an additive intercropping series, like the current study, would lead to overestimating the final gain. In the additive intercropping series, one main species is grown with its entire density and the other species is additionally intercropped with various densities, compared to the pure stands of each species. In this model, it is desired to attain a specific yield of the main species and yield of the other additional species is a bonus. The use of LER, with such a model, would result in a biased estimate of yield gain towards the intercropping treatments. Therefore, alternative indices were developed to fairly determine effectiveness of intercropping compared to pure stands on an unbiased basis, such as the effective land equivalent ratio (ELER) modified by Mead & Willey (1980) , area time equivalent ratio (ATER) proposed by Hiebsch (1980) and McCollum (1982) , land equivalent coefficient (LEC) suggested by Adetiloye & Ezedinma (1983) , and the staple land equivalent ratio (SLER) developed by Reddy & Chetty (1984) . Among the newly developed indices is the dry matter equivalent ratio (DMER), which utilizes the dry matter yield instead of the fresh yield per unit area to compare the expected gain from the intercropping approach to the gain obtained from the sole cropping (Shaalan et al., 2015) . This index would provide a realistic estimate to the yield gain of the additive intercropping system compared to the sole crops. Therefore, the present investigation was planned to study the impact of intercropping sugar beet with cereal crops, viz. wheat and barley, and legume crop i.e., faba bean on the yield and quality attributes of sugar beet and companion crops, as well as to examine the effectiveness of intercropping using the new index (DMER) in comparison to the traditional land equivalent ratio (LER).
Materials and Methods

Experimental site, design and treatments
Two field experiments were conducted during the winter season of two successive years (2013) (2014) at the Experimental Station of the Faculty of Agriculture, Alexandria University, Alexandria, Egypt. A split plot design, with three replications, was used to evaluate seven intercropping patterns under three companion crop percentages. Main plots were assigned to test the three percentages i.e. 50, 75 and 100 % of the three companion crops; namely, wheat (Triticum aestivum L.), barley (Hordeum vulgare L.), and faba bean (Vicia faba L.), intercropped with sugar beet (Beta vulgaris L.) as a main crop. The seven intercropping patterns, assigned to the subplots, were: 1. sugar beet + wheat; 2. sugar beet + barley; 3. sugar beet + faba bean; 4. pure sugar beet; 5. pure wheat; 6. pure barley, and 7. pure faba bean.
Management and sampling
The sub plots area included two wide beds (1.20 x 3 m) for the intercropping treatments, and either four ridges (0.6 x 3 m) for pure stands of sugar beet and faba bean, or the equivalent flat area for pure wheat and barley stands.
The main crop, sugar beet, was planted at the recommended seeding rate (10 kg ha -1 ) by the Egyptian Ministry of Agriculture, for both the intercropping treatments and pure stands. In the intercropping treatments it was sown in hills (20 cm apart) on both sides of the prepared seed bed, and later thinned to one plant per hill. However, in the pure stands it was sown also in hills (20 cm apart) but on only one side of the ridge. Sugar beet plots were sprayed with borax (11.3% Boron) one month before harvesting (1.2 kg ha -1 ).
Concerning the monocot intercrops; wheat and barley, in the intercropping treatments, both were hand drilled in rows (30 cm apart) on top of the seed bed for the three tested plant densities. The used seeding rate was 120 and 100 kg ha -1 for wheat and barley, respectively. Similarly, the pure stands of both crops were also hand drilled in rows (30 cm apart) to obtain the full plant density (100%). On the other hand, the sole dicot intercrop (faba bean) was sown in rows in hills (20 cm apart) on top of the seed bed, and later thinned to two plants per hill. The three tested plant densities were obtained by manipulating the number of rows. In its pure stand, faba bean was sown in hills (20 cm apart) on both sides of the ridge and later thinned to two plants per hill.
All the tested crops were sown and harvested at the same date during the two growing seasons. All experimental plots were treated similarly, i.e. fertilized and irrigated at the same intervals in each growing season. Broadleaf and grass weeds were hand-removed from plots and 239 g Lannate ® insecticide (S-methyl-N-[(methylcarbamoyl)oxy]thioacetimidate) was dissolved in 477 Liter water per hectare and sprayed with the knapsack twenty days after sowing to protect the crop against leaf worms. All plots were manually harvested.
Investigated parameters
Yield and quality analyses: Sugar beet samples were randomly taken in a form of three guarded plants from each subplot to measure both the total leaf area (m 2 ) and the total soluble solids (TSS) which was measured using the refractometer. While, the biological and root yields (ton ha -1 ) were determined for the whole plot. The harvest index, sucrose percentage, and sugar yield were later estimated using the following equations:
Sucrose (%) = TSS x 0.7 (Winner, 1982) Sugar yield (ton ha -1 ) = root yield (ton ha -1 ) x sucrose % Harvest index (%) = root yield / biological yield Only grain yield (ton ha -1 ) was investigated in case of wheat and barley intercrops and sole stands. In addition, for faba bean, seed yield (ton ha -1 ), number of pods per plant and 100-seed weight (g) were, also, investigated. 
Land use efficiency and yield advantages Land equivalent ratio (LER):
Ybb Yba Yaa
Yab LER   where, Yab = mixture yield of species "a" (in combination with species "b"), Yaa = pure stand yield of species "a", Yba = mixture yield of species "b" (in combination with species "a"), Ybb = pure stand yield of species "b".
Dry matter equivalent ratio (DMER):
Determined as the sum of the dry yield of the main crop and the companion crops relative to the dry matter yield of the sole main crop.
where: DMYSB C = Dry matter yield of sugar beet at each companion crop percentage, DMYSB S = Dry matter yield of pure sugar beet, and DMYCC = Dry matter yield of the companion crop.
Statistical analysis
Data were tested for significance using Proc Mixed of SAS 9.1 (SAS Institute, Inc., 2000). Only replicates were considered random. The studied parameters (P) then were analysed according to the following model:
 where µis the overall mean, F i is the forage treatment effect (i = 1,2,3,4,5,6,7), C j is the companion crop percentage effect (j = 1,2,3), R k is the replication (k = 1,2,3), e ijk is the effect of main plot"s error, (F x D) ij is the effect of the interaction between the forage treatment and plant density, and s ijk is the effect of sub-plot"s error.
Data of each growing season are separately presented and discussed. Significance was declared at P< 0.05 and means were compared with the least significant difference (L.S.D) procedure.
Results and Discussion
Yield and quality parameters
Sugar beet Analysis of variance of yield and quality parameters for the main and companion crops revealed that the two way interaction between the companion crop species and percentage significantly affected the leaf area (m 2 ), root yield (ton ha -1 ), harvest index, and sugar yield (ton ha -1 ) of sugar beet, in both growing seasons. However, the sucrose percentage was significantly influenced by the companion crop percentage only in the 2 nd growing season.
Means presented in Table 1 , showed that the sugar beet tended to have the highest significant leaf area (m 2 ) when intercropped with wheat under the three tested companion crop percentages in both growing seasons. Obviously, the leaf ) of the main crop ( Table 1 ). The sugar beet produced the significantly higher root yield when intercropped with wheat under the 50 and 100 companion crop percentages, while under the 75 %, the root yield of sugar beet was significantly superior when grown with wheat and barley compared to that grown with faba bean, for both growing seasons. Similar to the leaf area, the highest significant sugar beet root yield was achieved from the pure stands, amounting to 49.90 and 50.98 ton ha -1 in 2013 and 2014, respectively. Meanwhile, the lowest percentage of the companion crops was accompanied by highest amount of sugar beet root yield. The difference between the sugar beet root yield produced from 50 and 100 companion crop percentages amounted in the first growing season to 11.5, 12.3, and 10.0 ton ha -1 for wheat, barley and faba bean, respectively. While in the second growing season the difference amounted to 11.9, 12.3, and 10.0 ton ha -1 for the three respective companion crops. The effect of intercropping on the root yield of sugar beet, mainly depends on the nature and growth habit of the companion crop. Abdel Motagally & Metwally (2014) concluded that root yield of sugar beet was not significantly affected when intercropped with onion. However, similar to the current study, it was reported that the maximum significant root yield of sugar beet was achieved for pure stands followed by the lowest intercropping density of the companion crop, when sugar beet was intercropped with wheat (Aboukhadra et al., 2013b), barley (Khedr & NemeatAlla, 2006) , and faba bean (Mohammed et al., 2005) . Researchers attributed this effect to the even arrangement of sugar beet and companion crop plants which resulted in greater exposure of the plant canopy to the solar radiation. This better effect of the solar radiation was reflected on better root growth and higher root yield. On the other hand, the reduction of sugar beet root yield with increasing the companion crop"s density may be due to the shading effect, in addition to the high competition for light which negatively affect the rate of photosynthesis and, thus, reduces the root yield.
Means of the sugar beet harvest index presented in Table 2 revealed that, sugar beet had the highest significant harvest index when planted with wheat and barley, under the three companion crop percentages in both seasons. Comparing the effect of the companion crops and the sugar beet pure stands on the harvest index of the main crop under each companion crop percentage revealed a different attitude than what was previously observed for the other tested parameters. This was clear in 2013 season, when sugar beet was accompanied with wheat, recording highest significant harvest index (75.71) under the highest companion crop percentage (100%). While, when accompanied with barley, the highest harvest index (76.30) was obtained under 75 companion crop percentage. Meanwhile, intercropping faba bean with sugar beet, the harvest index of sugar beet pure stands was the highest and significant (73.62) followed by that under the lowest companion crop percentage (71.30). Furthermore, in 2014, no significant variations in the harvest index were detected among the three tested companion crop percentages and sugar beet pure stands when sugar beet was intercropped with wheat and barley. However, similar to 2013, when planting faba bean as a companion crop to sugar beet, the sugar beet pure stands and the lowest companion crop percentage (50%) had the highest significant harvest index.
Intercropping sugar beet with faba bean under each companion crop percentage resulted in producing the lowest significant sugar yield (ton ha -1 ) in both growing seasons (Table 2 ) compared with wheat and barley as companion crops. However, with each companion crop the sugar beet pure stands produced the significantly higher sugar yield. Obviously, the sugar yield of sugar beet decreased with increasing the companion crop percentage in case of the three companion crops in both growing seasons. The sugar beet pure stands produced 7.34 and 7.41 ton sugar yield ha -1 in 2013 and 2014, respectively. This amount was around 1.5 to 2.9 tons higher than that produced with the lowest companion crop percentage. Amer et al. (1997 ), Abo Mostafa et al. (2012 , and Aboukhadra et al. (2013a) also reported highest values for sugar beet root and sugar yields with decreased densities of different companion crops. They attributed this reduction in sugar beet traits to the increased intra-and inter-crop competition between the sugar beet, as a main crop, and the high densities of the companion crops. However, the sucrose % of the main crop, sugar beet, was significantly affected by the companion crop percentage only in the second growing season (2014). Table 3 revealed that the significantly higher sucrose percentage (14.55 %) was produced by sole sugar beet, as expected, while it significantly decreased with increasing the percentage of the companion crop. It reached the minimum value (11.46 %) when sugar beet was planted with a 100% companion crop. Similar results were obtained by Abdel Motagally & Metwally (2014) , who found that in intercropping sugar beet with onion, the sugar % decreased by increasing the density of the companion crop. Moreover, Aboukhadra et al. (2013b) and Amer et al. (1997) reported an increase in sugar yield and sucrose % of sugar beet intercropped with low densities of wheat and faba bean, respectively. They attributed such increase, to the considerable increase in root yield and, thus the amount of sugar extracted from the roots. When studying the effect of intercropping wheat on sugar cane, Ahmed et al. (2013) reported a decrease in the sugar content of sugar cane with increasing the companion crop"s density. It is, thus, obvious that the sugar content of the different sugar crops decreases when intercropped with high densities of companion crops.
Companion crops
Grain yield (ton ha -1 ) of wheat and barley, in addition to seed yield (ton ha -1 ), number of pods per plant and 100-seed weight (g) of faba bean were tested for significance using the analysis of variance. Results revealed that, for both growing seasons, the previous parameters where significantly variable among the tested companion crop percentages, except for faba bean 100-seed weight that was significantly variable only in 2014. Means in Table 3 demonstrate that wheat and barley produced the highest significant grain yields in their pure stands amounting to 6.8 and 4.5 ton ha -1 as an average of both growing seasons for wheat and barley, respectively. In the intercropping system with sugar beet, the grain yield of both cereal crops increased by increasing their percentages, thus, the lowest grain yield was achieved in case of 50 companion crop percentage that reached 2.90 and 1.85 ton ha -1 as an average of both growing seasons for the two respective crops. Similar trend was observed for faba bean seed yield (ton ha was recorded in case of 100 companion crop percentage, which reached 18.00 and 15.67 pods plant -1 for the two respective seasons. Similar to the number of pods per plant, the maximum faba bean 100-seed weight was obtained for the faba bean pure stands (131.00 g) and when intercropped with the lowest percentage (129.47 g) in 2014. On the other hand, the lowest 100-seed weight (123.07 g) was achieved from the 100 companion crop percentage. Higher grain/seed yields of mono cropped wheat, barley and faba bean relative to intercropping treatments may be due to the less disturbance in the habitat in homogeneous environment of mono cropping systems (Grime, 1977) . Similar findings to the current study were also reported by other researchers (Farghally et al., 2003; Mohammed et al., 2005 and Abo Mostafa et al., 2012) , who reported that some faba bean yield components like seed yield per plant, number of seeds per pod and 100-seed weight were decreased with increasing the percentage of faba bean intercropped with sugar beet. They attributed this result to the increased above and below ground competition in the intercropping system, where the dense sowing would lead to severe competition among plants for water, light and nutrients, resulting in the production of less vigorous plants (Aboukhadra et al., 2013a) . On the other hand, similar to the current results, the seed yield of faba bean (ton ha -1 ) followed an opposite trend to the yield components and increased with increasing the percentage of faba bean in the intercropping system. Moreover, when intercropping sugar beet with wheat, Aboukhadra et al. (2013b) found that wheat grain yield significantly increased with increasing the companion crop"s density. They explained the increase in wheat grain yield with dense sowing to the increase in some yield components like number of spikes per m 2 and 100-grain weight. Similar observations were reported by Khedr & NemeatAlla (2006) in barley-sugar beet intercropping system. Means of the sugar beet root dry matter yield as affected by the companion crop species and percentages, presented in Table 4 , followed the same trend as like fresh root yield (Table 1) . Similarly, the variations of the dry matter yields of wheat and barley grains, as well as faba bean seeds under varying companion crop percentages (Table 4) were similar to the variations in the grain and seed yields presented in Table 3 . The dry matter yields in Table 4 were mainly determined to be used in calculating the dry matter equivalent ratio (DMER).
Land use efficiency and yield advantage
Data of LER, presented in Table 5 , indicated that the interaction between the companion crop species and percentage had a positive impact on the land usage, in both growing seasons. Generally intercropping sugar beet accompanied with any of the three tested companion crops under the three percentages tended to in increase the land usage. The highest LER was achieved with the highest companion crop percentage (100 %) for both years. Farghaly et al. (2003) found that the lowest values of LER were achieved in case of intercropping sugar beet with faba bean, compared to the other two companion crops, as observed in the current study. This might be partially attributed to the deep root system that characterizes sugar beet and faba bean, which increase the under-ground competition between the two crops on soil moisture and nutrients. Unlike the different root systems of sugar beet and cereal crops (wheat and barley), which allow the crops in the intercropping system to use the soil moisture and nutrients at different depths and, thus, reduce the underground competition between them and, consequently, reflect on better yield advantage (Vandermeer, 1992) .
Furthermore, under the three companion crop percentages, sugar beet produced higher yields (La) when intercropped with wheat followed by barley then faba bean, in both seasons (Table 5) . Obviously, the sugar beet yield increased with decreasing the companion crop percentage.
However, when determining the yield gain in terms of DMER (Table 5) , it was found that only in case of intercropping sugar beet with wheat there was a slight yield gain (DMER > 1). On the other hand, when intercropping sugar beet with barley and faba bean, there was loss in the overall produced yield (DMER < 1), indicating a severe competition between the sugar beet and the two companion crops. Noticeably, the loss in the overall gain was more in case of faba bean than barley. As previously mentioned, this might be because the faba bean root system severely competes with the sugar beet root system for soil moisture, nutrients and space, than the cereal crops" root systems do.
Comparing the values of the LER to those of the DMER, reveals that all the values of DMER were lower than the LER. This confirms the assumption that the LER was not the most accurate index to be used to determine the expected gain in case of an additive intercropping model. It resulted in overestimating the gain (all LER values were greater than 1). However, the DMER provided a more realistic idea about the effect of intercropping compared to the grown sole crops. 
